ABSTRACT On-chip manipulating and controlling the temporal and spatial evolution of light is of crucial importance for information processing in future planar integrated nanophotonics. The spin and orbital angular momentum of light, which can be treated independently in classical macroscopic geometrical optics, appear to be coupled on subwavelength scales. We use spin-orbit interactions in a plasmonic achiral nano-coupler to unidirectionally excite surface plasmon polariton modes propagating in seamlessly integrated plasmonic slot waveguides. The spin-dependent flow of light in the proposed nanophotonic circuit allows on-chip electrical detection of the spin state of incident photons by integrating two germanium-based plasmonic-waveguide photodetectors. Consequently, our device serves as a compact (~ 618 m 2 ) electrical sensor for photonic spin Hall dynamics.
their full potential. The limiting factor for groundbreaking developments in those fields refers to the fact that the spin-orbit interactions (SOIs) in optics are usually very weak, akin to the Planckconstant smallness of the electron SOI found in solid-state spintronics 8 . A promising way to significantly enhance spin-controlled optical phenomena is to utilize light-matter interactions on the nanoscale that are especially strong in plasmonic nanostructures. It has been shown that geometrically chiral metallic structures, which do not superimpose onto their mirror image, can strongly enhance chiroptical far-field responses as a consequence of structural chirality [9] [10] [11] [12] .
Remarkably, even achiral structures exhibit the SOI potential in the near-field due to twisted trajectories of surface plasmons at a nanosphere [13] [14] [15] [16] . This feature enables spin-controlled local manipulation within one nanoscale coupler, which responds equally to both photonic spin states.
We utilize the strong SOI in an achiral plasmonic nanostructure to demonstrate for the first time onchip detection of spin-controlled directional routing in a compact plasmonic nanocircuit. We find that a subwavelength semiring can launch gap surface plasmons supported by seamlessly integrated plasmonic slot waveguides preferentially in one direction, depending on the spin state of locally incident radiation. This spin-dependent phenomenon can thus be regarded as a manifestation of the quantum spin Hall effect (QSHE) of light 5, 8 . We bridge the fields of integrated photonics and electronics, progressing towards what has repeatedly been highlighted as the key perspective of plasmonics [17] [18] [19] [20] [21] , by integrating two germanium-based plasmonic photodetectors for on-chip electrical read-out of unidirectional surface plasmon polariton (SPP) excitation. We show that nonchiral optical responses, which are inherently dependent on the linear polarization degree, can be quantitatively identified and discriminated based on synchronous differential photocurrent detection, providing a signal directly proportional to the S3 Stokes parameter of locally incident radiation. Our fabricated device thus serves as a miniature chiral light detector, a functionality that is generally difficult to realize with conventional photodetectors 22 . In addition, the same structure offers the ability of identifying linear polarization states, making it particularly interesting for fast polarimetric imaging.
Results and Discussion. Fig. 2b ). We observe that any linear polarization excites both waveguides equally due to equal contributions from LCP and RCP. However, the total power flow is enhanced at a linear polarization perpendicular to the waveguide. This observation indicates that the system exhibits a non-chiral excitation mechanism, which couples light simultaneously into both slot waveguides once the polarization coincides with the antisymmetric slot waveguide modes 23 . As the power flow is governed by two independent coupling mechanisms, the maximum of the directed intensity appears at elliptical polarization, slightly shifted from circularly polarized states towards vertical linear polarizations.
With the above numerical simulations establishing the framework for spin-selective unidirectional excitation, we now move on to the experimental realization of the on-chip device for spin-selective routing. For this purpose, we first conduct an all-optical far-field characterization of the device before plasmonic photodetectors are integrated (See Figure 3) . A diffraction-limited beam with wavelength λ0 =1550 nm and controlled polarization is positioned onto the coupler section of the device at normal incidence. By adjusting the retardance of a Soleil-Babinet compensator, we generated a beam with LCP and RCP. Light scattering from the impedance-matched nanoantennas is observed in reflection mode for both polarization states (Figure 3b and 3c) . The emission intensities at the impedance-matched nanoantennas reveal that the plasmonic modes generated by photons with opposite spin are efficiently directed to different waveguide branches.
After experimentally verifying the predicted spin-sorting functionality of the device, plasmonic photodetectors are integrated for the realization of full on-chip detection. Therefore, an additional that the SOI process in our device is directly translating the spin-controlled contribution to the coupling process into unbalanced photocurrents of the two detectors. In contrast, any linear polarization state shows no directionality due to a symmetric optical coupling process, resulting in a near-zero signal in the differential photocurrent measurement (Figure 4b ). This reveals the fact that directionality in our device is exclusively induced by SOI. Considering non-linear states of polarization, our device has the crucial feature of providing a differential photocurrent signal which can be directly translated to the handedness and helicity of the incident beam, while being virtually insensitive to linearly polarized light (Figure 4a ). Non-chiral optical effects inherently cancel out so that the sign of the corresponding signal displays the handedness and the absolute value its helicity.
We find that the directionality appears with non-resonant characteristics which enables broadband operation (See Supporting Information, Section S2). Comparing the absolute photocurrent evolutions of the individual detectors with the numerical investigation in Fig.3 indicates that nonchiral excitation mechanisms are more pronounced in the experiment than predicted by simulation.
We believe that this discrepancy is associated with fabrication imperfections and surface roughness in the semiring and waveguides which serves potentially as inherent waveguide coupler due to diffraction on roughness features. 
Conclusion

